Background: This study investigated the relationship between drinking motives and alcohol use
INTRODUCTION
The alcohol flush reaction (AFR) is a symptom that approximately 36% of East Asians (Japanese, Chinese, and Koreans) have (Brooks et al., 2009) . Also known as the "Asian Glow" or "alcohol-induced facial flushing", individuals with this symptom are likely to experience a reddening of the face, nausea, and increased heart rate upon consuming alcohol (Ma et al., 2017) .
AFR occurs when an individual inherits a deficiency in the single nucleotide polymorphism, ALDH2*504lys (ALDH2), which results in accretion of toxic acetaldehydes in the body (Adams and Rans, 2013) . For individuals with AFR, toxic acetaldehyde build-up can occur from the first sip of alcohol (Price et al., 2004 ) which is extremely dangerous as acetaldehyde build-up has been classified as a Group 1 human carcinogen by the International Agency for Research on Cancer of the World Health Organization (Salaspuro, 2011) . Low-activity ALDH2 has been uniformly associated with various cancers including esophageal (Brooks et al., 2009 , Cui et al., 2009 , Gu et al., 2012 , Liu et al., 2017 , Matsuo et al., 2001 , Wu et al., 2013 , Yang et al., 2007 , Yang et al., 2010 , Yu et al., 2018 , Zhang et al., 2010 , gastric (Chen et al., 2016 , Duell et al., 2012 , Ghosh et al., 2017 , Hidaka et al., 2015 , Ishioka et al., 2018 , Jiang et al., 2017 , Wang et al., 2014 , colorectal (Crous-Bou et al., 2013 , Guo et al., 2013 , Matsuo et al., 2006 , Xinhua and Yanfei, 2017 , Yang et al., 2009 , Zhao et al., 2016 , Zhong et al., 2016 , and stomach (Matsuo et al., 2013) .
The association between AFR and cancer in the oral cavity and esophagus (squamous cell carcinoma) is particularly alarming as esophageal cancer has one of the lowest 5-year survival rates of all cancers in Korea for both males (35.0%) and females (37.3%) (Jung et al., 2017) . Researchers have stated that if moderate or heavy drinking ALDH2 heterozygotes decreased their alcohol intake, more than 50% of esophageal squamous cell carcinomas could be prevented in East Asian populations (Brooks et al., 2009 ).
Unfortunately, alcohol-induced facial flushing is a research area that has been limitedly researched for a nationally representative sample of South Koreans, despite affecting around 1/3 of the population. This is alarming as 50,100 males and 30,500 females in Korea die from cancer annually, and the alcohol consumption (in liters of pure alcohol) per capita (15+) in Korea averages 12.3 liters, which is more than double the Western Pacific Region's average of 5.4 liters. It is also unusual as ALDH2 deficiency is relatively simple for clinicians to determine; because of the intensity of symptoms, most flushers are able to answer to questions that determine ALDH2 deficiency (Brooks et al., 2009 ).
Furthermore, limited research has been done on what drinking motives influence individuals with alcohol-induced facial flushing to drink. Currently, there is only a consensus among academics that individuals with the reaction are less likely to drink than non-flushers with respect to both frequency and amount (Suwaki and Ohara, 1985, Suzuki et al., 1997) . Research indicates that social motives, characterized by positive reinforcement generated externally from drinking alcohol with others, and enhancement motives, generated from the psychoactive effects of consuming alcohol, are the most common motives for alcohol use among university students (Maphisa, 2018 #8) . Thus, given the limited literature on drinking motives among individuals with AFR, two important questions remain: 1. Do the same drinking motives apply to college students, who suffer from the irritating symptoms of AFR? 2. Which drinking motives increase alcohol consumption, and the risk of alcoholrelated problems among individuals with AFR? Therefore, the present study focuses on examining the association between drinking motives and alcohol use among individuals with AFR in South Korea. It also investigates the factors that strengthen or discourage this relationship.
MATERIALS AND METHODS

Study population and data
In the 2017 national statistics published by the Korean Educational Development Institute on college students, we found that 1,951,940 students (4-year: 1,506,745; liberal arts: 445,195 completion of a small pilot study, we randomly selected 4,571 students from this sample for our questionnaire. Of these students, we extracted the data of those who self-reported to currently suffering from alcohol-induced facial flushing, for a final study population of 725 males and 812 females with AFR.
Data was collected via face-to-face surveys with students. The 14-page survey instrument asked students a number of questions about their drinking behavior, health, and thoughts on campusalcohol policy. Whenever possible, the instrument included alcohol-related questions that had been previously used in other international, national or large-scale epidemiological studies including the Harvard College Alcohol Study (Wechsler et al., 2002) 
Measures Outcome Variable
In this study, alcohol intake, measured through the Alcohol Use Disorders Identification Test (AUDIT), was selected as the outcome variable. The AUDIT questionnaire was given in its original format, consisting of ten questions related to frequency of drinking, number of drinks per session, frequency of heavy drinking, impaired control following drinking, morning-after drinking, and feelings of guilt upon drinking, frequency of blackouts, alcohol-related injuries, and family concern over drinking.
Drinking Motives
Drinking motives were measured via individual answers to the question, "In the last 12 months, what was your main reason for drinking alcohol?" Answers were categorized into "peer pressure," "pleasure," "stress/depression," "boredom," and "other." 'Other' responses included the following: "force of habit," "birthday," "anniversary," "to sleep."
Statistical analysis
Frequencies and mean AUDIT scores were calculated for each variable through t tests and analyses of variance. To examine the relationship between reason for alcohol consumption and AUDIT score, multiple logistic regression analysis was performed, after controlling for the following confounders: year level, major, GPA, pocket money, living status, smoking status, stress level, depressive thoughts, suicidal thoughts, suicidal attempt, underage drinking experience, and number of sororities/clubs.
Alcohol-induced facial flushing was measured through the questionnaire created by Yokoyama and Omori, which asks the following questions to determine past and present ALDH2
heterozygotes: 1) Do you have a tendency to develop facial flushing immediately after drinking a glass (about 180 mL) of beer? 2) Did you have the tendency in the first one or two years after you started drinking? This questionnaire was rated to have a high sensitivity rate of 90.1% and specificity rate of 88.0% in classifying respondents into never, former, and current sufferers of ALDH2 deficiency.
The simultaneous relationship between alcohol use and other factors like year level and amount of pocket money, according to reason for alcohol consumption, were determined by subgroup analyses. The calculated p-values in this study were considered significant if lower than 0.05. All analyses were performed using SAS software, version 9.4 (SAS Institute, Cary, North Carolina, USA).
RESULTS
Of the entire study population, the prevalence of alcohol-induced facial flushing was 32.3%
for male students and 34.9% for female students. Mean AUDIT scores of students with AFR were 8.253 ± 5.341 for males and 7.233 ± 5.474 for females, whilst non-AFR students had mean AUDIT scores of 10.518 ± 5.379 and 10.369 ± 6.144, respectively. Relative to never-and past-sufferers of facial flushing, individuals with current facial flushing were less likely to have high AUDIT scores as illustrated in Figure 1 . Table 1 shows the general characteristics of the AFR population. 34.5% of the male population (n 250) and 31.8% of the female population (n 258) reported to consuming alcohol because of peer pressure. This was followed by individuals who drink because of pleasure (males:
29.7%; females: 30.7%) or stress/depression (males: 22.5%; females: 22.5%). Individuals who consume alcohol because of pleasure had the highest AUDIT scores (males: 9.758 ± 4.938; females:
9.012 ± 5.487). Table 2 shows the results of multiple regression analysis performed to investigate the relationship between various factors and AUDIT score among college students with alcohol-induced facial flushing. Certain drinking motives had a statistically significant association with increased alcohol intake: relative to drinking because of peer pressure, students drinking for pleasure (males: β = 2.622, p <.0001; females β = 2.769, p <.0001) or stress/depression (males: β = 2.479, p <.0001; females β = 2.489, p <.0001) had higher AUDIT scores. Whilst year level had no statistically p<.0001) and seniors (β = 3.791, p = 0.000) consuming alcohol for pleasure. Regarding major, for both sexes, alcohol intake was highest among liberal arts students consuming alcohol because of stress/depression (males: β = 6.1136, p<.0001; females β = 4.2105, p <.0001). Lastly, female students receiving high amounts of pocket money were likely to consume large amounts of alcohol for both pleasure (β = 5.454, p<.0001) and stress/depression-related (β = 5.833, p = 0.000) purposes, relative to students with low levels of pocket money.
DISCUSSION
In individuals with AFR, the flush-reaction can begin to occur after just one sip of wine (Price et al., 2004) . Such individuals, who have an inability to metabolize the substance, should not be encouraged to consume any alcohol. However, our study shows that individuals with AFR, especially those who drink for pleasure or to alleviate stress/depression drink above this level. As seen in Table   1 , the mean AUDIT score for flushers in our study population was 8.253 ± 5.341 for males and 7.233 ± 5.474 for females. This is above the AUDIT cut-off for hazardous drinking among normal populations without AFR of 10 (males) and 5 (females) (male cut-off: sensitivity, 81.90%; specificity, 81.33%; positive predictive value, 77.2%; negative predictive value, 85.3%; female cut-off sensitivity, 100.00%; specificity, 88.54%; positive predictive value, 52.6%; negative predictive value, 100.0%) (Chang et al., 2016) . Female students with AFR especially, drink well-above this cut-off level, especially if their drinking motive is 'pleasure,' 'stress/depression,' or 'boredom.' Furthermore, our study reveals what the existing body of literature has failed or refused to acknowledge: individuals with AFR often enjoy alcohol consumption and this is both hazardous and dangerous for their health. Because of the irritating symptoms of AFR, acetaldehyde dehydrogenase inhibition has been used by drug-makers to develop effective treatments for alcoholics (Brewer et al., 2017 , Ulrichsen et al., 2010 . However, these symptoms have clearly not been powerful enough to prevent the hazardous drinking of around 30% of AFR individuals in our study population, who find drinking pleasurable.
Lastly, our research shows that the drinking motives behind college students with AFR slightly differ from the drinking motives of college students without AFR. The existing body of research states that social and enhancement motives are the most frequently endorsed by university students, whilst coping motives are found to be most strongly associated with negative alcohol consequences (Merrill, 2010 #10). However, our study reveals that among college students with AFR, enhancement motives like pleasure, are the strongest drinking motive and most likely to cause risk of Alcohol Use Disorder, followed closely by coping motives like stress/depression.
This study has several limitations that should be considered when interpreting results. First, our study is cross-sectional in design; thus, caution should be exercised in interpreting causality between reason for alcohol consumption and alcohol intake. Furthermore, the Yokoyama and Omori questionnaire for determining ALDH2 deficiency, as well as the AUDIT cut-off values set by Chang, are limited in reliability and validity relative to clinical evaluations of these symptoms by a healthcare professional.
Second, there are not enough previous studies with regard to a nationally representative population of Koreans when it comes to measuring alcohol-induced facial flushing and its effect on drinking behavior/related problems. It is difficult to see whether the values we calculated are similar to that of the statistics found in previous studies for Koreans, especially for the college students' age group. Third, various biases may have emerged from our sampling and surveying methods; because college students in South Korea drink large amounts of alcohol relative to adults, different patterns are likely to emerge in an adult sample. Likewise, a small number of Christian colleges that were originally in our sample declined our request for participation because of their teetotalism principles and thus, had to be replaced with non-Christian colleges. Because of the face-to-face method that we employed for accuracy of obtaining responses to complicated questions, there may have been response biases, relative to social desirability. The majority of questions in our survey instrument required students to think about their drinking behaviors in the last 12 months or so, which likely resulted in recall bias. Finally, although we included numerous lifestyle covariates as potential confounders, the limited nature and number of questions in our instrument made it difficult for other confounding variables, relative to health, socio-demographics, gene-environment, and lifestyle, to be measured and controlled.
Despite these limitations, our study also has several strengths. Few studies have measured ALDH2 deficiency for a nationally representative population in South Korea, and fewer studies have taken an epidemiological approach to see the association between ALDH2 deficiency and relative change in drinking behavior, especially with regard to the reasons that encourage individuals with AFR to drink, despite its irritating symptoms. Our study has found certain risk-groups in the college population that overly drink despite suffering from the flush reaction. Researchers, educators, and policy-makers are encouraged to further investigate, and target such students when creating and influencing campus alcohol policy. 
